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S1. Calibrating the Relevant Reference Reactions for EVB Simulations
S1.1. Calibrating the first step of the reaction: Nucleophilic attack
Epoxide hydrolysis is an extensively studied reaction, and these compounds are known to hydrolyze spontaneously 1 , or through acid [1] [2] [3] [4] [5] [6] [7] [8] or base 1,9 catalysis. The challenge here is the fact that in our system, nucleophilic attack of D105 leads to the formation of an oxyanion, which is likely to be a hugely unfavorable reaction at ambient pH. In fact, no direct experimental data are available to characterize this step of the reaction; the closest available experimental data correspond to the reaction between propylene oxide and acetate as an anion in acidic conditions (glacial acetic acid), for which an activation barrier of 18.5−19.0 kcal·mol -1 has been reported 2 .
However, the fact that the reaction considered in ref.
2 is acid-catalyzed means that this value only provides a lower limit for the activation barrier and is not a real estimate of the activation barrier for the uncatalyzed reaction modeled here. In the absence of direct experimental data for this process, we have estimated the energetics of this step using DFT calculations of the model reaction. Bruice et al. have previously studied the uncatalyzed reaction of methyl styrene oxide with acetate as a nucleophile 4 . For this reaction, they obtained a gas phase activation barrier of 20.0 and 21.0 kcal·mol -1 for C1 and C2 attack, respectively. However, when solvation effects were included (at the CPCM+B3LYP/6-31+G(d,p)//B3LYP/6-31+G(d,p) level of theory), the activation barrier increased to 29.9 and 32.5 kcal·mol -1 for C1 and C2 attack, respectively. Here, we have performed an unconstrained transition state optimization using trans-stilbene oxide and propionate anion as a model. The geometry optimization for this system was performed using the B3LYP functional 10-12 and the 6-311+G** basis set. Solvation was implicitly included using the is unclear what the appropriate correction factor would be, and therefore in light of the (at least partial) accumulation of errors between not including dispersion and inappropriate solvation of the charged species, we believe it is safer to use a functional that is not corrected for dispersion in order to avoid remedying one error while maintaining another, thus potentially obtaining completely unphysical results. Additionally, using B3LYP allows us to directly compare to previous work [21] [22] [23] . Despite these challenges, in the context of the current work, it is again crucial to emphasize that here the reference reaction in aqueous solution is only used as a frame of reference to compare the energetics of the reaction with different histidine protonation states (Table S3) and to facilitate direct comparison with previous works in related systems that use this functional 21, 22, 24 . Our results show that we can reproduce the large expected S6 catalytic effect of StEH1 and the trends in activation barrier upon mutation (see Tables S5 and   S6 and Figure 8 in the main text). These results in themselves provide a rigorous test of the reliability of our overall parameterization and calibration procedure.
As the substrate is symmetrical, the overall activation barrier for the nucleophilic attack on either C1 or C2 would presumably be the same for both enantiomers in solution. However due to small differences in orientation of the epoxide ring relative to the acetate nucleophile at the transition state, the activation energy could vary slightly. Following the protocol described at the beginning of this section, we calculated an activation barrier of 32 kcal·mol -1 and a reaction free energy of 22 kcal·mol -1 for the uncatalyzed alkylation step in solution (see Figure 1 of (a) All calculated energies are averages and standard deviations based on ten individual EVB simulations generated from different starting structures, as outlined in the Methodology section. ∆G ‡ 1 and ∆G ‡ 2 correspond to activation barriers for the alkylation and hydrolysis steps respectively, with the barrier to the hydrolysis step corrected by adding the calculated activation barrier of the hydrolysis step to the free energy of the intermediate. For the corresponding uncorrected (absolute) activation barriers, see Table   S4 .
(b) Exp. refers to experimental values of the enzyme-catalyzed reaction for the respective step, derived from the kinetic data presented in ref. [36] [37] [38] [39] . (a,b) . Table   S7 . (b) Exp. refers to experimental values of the enzyme-catalyzed reaction for the respective step, derived from the kinetic data presented in ref. [36] [37] [38] [39] . n.d.: Not determined. (c) In most cases H104 is protonated and D265 is deprotonated, the exceptions to this are the reactions involving the H300N and E35Q mutants, where H104 is most likely neutral. Additionally, in the H300N variant D265 is protonated, as discussed in the main text. Table S6 : Calculated (a) and observed (b) activation energies (∆G ‡ ) and reaction free energies (∆G°), in kcal·mol -1 , for the hydrolysis of (S,S)-TSO for different mutant forms of StEH1. The corresponding EVB parameters are presented in Section S4.
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(b) Exp. refers to experimental values of the enzyme-catalyzed reaction for the respective step, derived from the kinetic data presented in ref. [36] [37] [38] [39] . n.d.: Not determined. (c) In most cases H104 is protonated and D265 is deprotonated, the exceptions to this are the reactions involving the H300N and E35Q mutants, where H104 is most likely neutral. Additionally, in the H300N variant D265 is protonated, as discussed in the main text. (a,b) . 
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S4. Empirical Valence Bond Parameters Used in This Work
The EVB parameters used in this work were obtained as outlined in the Methodology section of the main text. All parameters not listed here are standard OPLS-AA parameters for the relevant atom types.
The off-diagonal elements, describing the coupling between the two diabatic states, can be represented by simple exponential functions of the form:
where r ij denotes the distance between atoms i and j and r 0 denotes the equilibrium distance or, as in this work, by constant functions where the parameter µ is set equal to zero. The off-diagonal elements (H ij ) and gas-phase shift (α i ) values used in this work to calibrate the reference reactions are presented below. For more details of the meaning of these parameters, please see e.g. refs. 40, 41 . For details of the mechanism please see Figure 1 of the main text. Note that in line with the EVB philosophy, the same parameters were then used unchanged in all enzyme runs (i.e. all fitting was done only in the background reaction, and not in subsequent runs). Table S10 : EVB mapping parameters used in this work (a) .
Step 
S26
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S5. Cartesian Coordinates for Key Stationary Points
Optimized stationary points along the reaction profiles of the nucleophilic attack of acetate on (S,S)-TSO. RS, TS, and PS denote reactant, transition and product states respectively.
Reactant C -4.54071000 -2.80493400 0.25243300 H -5.10939500 -3.69277100 0.00037200 C -3.49485400 -2.88013900 1.17225800 H -3.24790400 -3.82676200 1.63948000 C -2.76840600 -1.73599500 1.49991700 H -1.96130000 -1.79738400 2.22260000 C -3.07323600 -0.50654800 0.90441600 C -4.12788700 -0.43630900 -0.01375900 H -4.38283000 0.51597800 -0.46436100 C -4.85652500 -1.57919900 -0.33649900 H -5.67389000 -1.51295100 -1.04583500 C -2.26185300 0.69230800 1.25349200 H -1.70870100 0.62069800 2.18768300 C -1.70286500 1.61567500 0.23176600 H -1.94776900 1.38878800 -0.80381700 O -2.84320500 1.98872000 1.02561300 C -0.43604000 2.37256300 0.43154600 C 0.53491400 2.35925600 -0.57650000 H 0.34527300 1.81852800 -1.49795100 C -0.18730600 3.08808700 1.60899700 H -0.94245600 3.11900400 2.38593000 C 1.74161200 3.03644900 -0.40516700 H 2.48630300 3.01722200 -1.19281900 C 1.01672500 3.76893800 1.77689400 H 1.19782300 4.32319100 2.69103400 C 1.98605000 3.74272600 0.77258000 H 2.92183200 4.27369700 0.90509200 C 7.41140900 -3.41615600 -2.64784400 H 7.50651100 -3.54972200 -3.72634900 H 8.13225900 -2.65754300 -2.32590100 H 7.67428200 -4.34734500 -2.13965000 C 5.99475100 -2.96668700 -2.24670900 O 5.21566000 -2.59766700 -3.16794300 O 5.72621700 -2.98675900 -1.01307800 S45 TS C -3.36325800 -1.51569100 -1.81448300 H -4.00426800 -2.36582800 -2.01913500 C -2.66945800 -1.43368600 -0.60701300 H -2.76920700 -2.21985600 0.13305200 C -1.85066200 -0.33705100 -0.34781600 H -1.31460000 -0.27539200 0.59321500 C -1.70468600 0.69335500 -1.28897800 C -2.40832000 0.59932000 -2.49872500 H -2.31644500 1.38402600 -3.23851400 C -3.23049400 -0.49314700 -2.75708900 H -3.77005800 -0.54892200 -3.69604800 C -0.81354900 1.82251600 -0.96952600 H -0.46890800 1.87789800 0.05198100 C -0.89443500 3.13961600 -1.64379600 H -1.07302400 3.05990200 -2.72508000 O -2.03338700 3.39471600 -0.88695000 C 0.27462700 4.08699600 -1.42174700 C 1.07105300 4.50316800 -2.49266300 H 0.85516500 4.13355900 -3.48967400 C 0.56000200 4.58296300 -0.14429500 H -0.06783300 4.28815800 0.68919700 C 2.13767500 5.38216000 -2.29463300 H 2.74316400 5.69612200 -3.13828600 C 1.62597800 5.45785800 0.06043400 H 1.83505400 5.83074000 1.05759900 C 2.42101700 5.86002400 -1.01536200 H 3.24788300 6.54387900 -0.85796500 C 2.86045700 0.04576100 -2.47285000 H 3.09231300 -0.36935900 -3.45428400 H 3.60900200 0.80712700 -2.23209400 H 2.92888000 -0.73498900 -1.71303600 C 1.47303400 0.69665200 -2.47040600 O 0.93099900 0.98677700 -3.55008000 O 0.99328700 0.90762700 -1.29794900 
